A total of 48 French villages were selected for a survey of water quality from February 1983 to June 1984 as part of an epidemiological study conducted in the rural area of the Rhone-Alpes region. Water samples were collected and analyzed on a weekly basis in each village. Bacteriological analysis of each water sample included enumeration of standard plate count bacteria, total and thermotolerant coliforms, and fecal streptococci. The water quality regulations are examined as to the analysis frequency, the volume of samples, and the relationship between the various bacterial indicators. Analyzing 300-ml, instead of 100-ml, samples tends to generate better information on single water samples. However, if many samples are analyzed over time from the same community, the value of using large volumes of water samples is diminished. The comparisons between bacterial indicators showed that the information obtained from the various indicators was very similar. However, fecal streptococci had a better predictive value of a negative test than coliforms with respect to the French standards.
The means by which various countries manage the microbiological quality of their drinking water are very similar in that most use total coliforms, fecal coliforms, Escherichia coli, standard plate count bacteria, fecal streptococci, or anaerobic sporeformers. However, the manner in which these indicator bacteria are used to implement drinking water standards differs significantly from country to country.
Current French regulations for small villages fix the minimum number of water samples to be analyzed at 3/year. The sample size is usually 50 or 100 ml, depending on the method or bacterial indicator used. Unlike other countries, which use one or perhaps two indicators to monitor water quality, France uses multiple indicators, including coliforms, fecal streptococci, standard plate count bacteria, and anaerobic sporeformers. The water quality regulations in France are in the process of being revised, and it is of great interest to assess whether the current procedures are still valid or whether they should be modified. Ferley et al. (16) recently completed an epidemiological-microbiological study of the relationship between gastrointestinal illness in water consumers and the bacteriological quality of drinking water. A number of other issues, in addition to the health effects data, were examined, such as the frequency with which analyses should be done, the volume of sample that should be analyzed, and the relationship between the various bacterial indicators of water quality. The microbiological issues will be addressed in this report. (13), according to the European regulations, provided for the absence of thermotolerant 38 coliforms in 100 ml and fecal streptococci in 100 ml of drinking water. These new criteria were retained for this study.
MATERIALS AND METHODS
A substandard water sample contains at least one thermo-18 tolerant coliform or one fecal streptococcus in 100 ml.
Standard plate count bacteria and total coliforms are often included in the analyses of water, so we researched and compared them to the thermotolerant coliforms and fecal 25 streptococci.
RESULTS
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Frequency of substandard water samples. The bacteriological analysis of water samples obtained from 42 villages served by 16 water distribution systems indicated a great variation in the frequency of substandard water samples between water distribution systems. This variation was also 29 observed between villages within a water distribution system ( Table 1 ). The frequency of occurrence of substandard samples between water distribution systems ranged from 0 19 to 100%, with a median occurrence rate of 25%. The distribution of the substandard sample frequencies between villages within distribution systems was not as broad. In some systems, such as systems 8, 14, and 16, the frequency 69 of occurrence of substandard samples across villages was very constant, whereas in others there was an appreciable variation from one village to the next, such as in distribution systems 2, 4, 5, and 6. The reason for this village-to-village 13 variation within water systems is not obvious. However, it may be related to the hydraulic characteristics of the systems or to the duration for water transit within the system. Similar results were observed with thermotolerant coliforms, where 17% of the negative water samples were positive when a 300-ml volume was filtered. Of the negative 100-ml water samples, 33% were positive for fecal streptococci when the larger volume was filtered. These results indicate that the standard water sample volume may be inadequate to determine the quality of drinking water and that perhaps larger volumes should be considered when assessing whether a water is drinkable or not. On the basis of the results of this survey, 77 villages were arbitrarily classified into three categories according to the proportion of substandard water samples. Villages that had less than 20% substandard samples were classified as good. Villages that provided at least 50% substandard samples were classified as bad, and villages with substandard-sample frequencies between these two categories were classified as variable. The water samples in the villages with a rating of good generally met the standards, even when the 300-ml samples were considered. Only 20% of the samples showed bacteria in 300 ml, while none was present in 100 ml. In the villages with bad water, 50% of the samples were positive when 300-ml volumes were filtered, while they were negative with the 100-ml samples. In the villages with variable water samples, this change occurred in 33% of the samples. Thus, the lack of sensitivity observed with the 100-ml samples compared with the 300-ml samples may be compensated for by increasing the number of 100-ml samples that are examined. Relationships between bacterial indicators. The standard assay of each water sample includes the use of methods for five bacterial indicators. This poses a question of whether or not these bacterial indicators provide the same, and therefore redundant, information. The data from 2,950 water samples were analyzed to determine the relationships between the various indicators.
Correlation coefficients r (19) were computed using the log(x + 1), where x is the density of the indicator bacterium. This transformation normalizes the skewness of the data and eliminates the effects of some very high values. Most of the indicator densities ranged from 0 to 100/100 ml, but some of the samples contained more than 2 x 106/100 ml. The correlation coefficients calculated for the various pairs of indicators are shown in Table 3 . All of the correlation coefficient values are significantly different from 0, with r between 0.45 and 0.78. The strongest relationship appears between total coliforms and thermotolerant coliforms, which is not unexpected, since the only difference between these two indicator groups is the temperature at which they are grown.
The agreement between two indicators is another approach, i.e., whether both are positive or negative with respect to the same water sample, in evaluating the indicators. The results in Table 4 show the following agreement between pairs of indicators in decreasing order: (i) total coliforms and thermotolerant coliforms; (ii) thermotolerant coliforms and fecal streptococci; and (iii) total coliforms and fecal streptococci. The agreement between the standard plate count bacteria and total coliforms, thermotolerant coliforms, or fecal streptococci is not as good as the agreement between pairs of the latter three indicators.
Total coliform data were examined to determine if they were in agreement with the above-mentioned classification of water samples (thermotolerant coliforms or fecal streptococci). Three-quarters of the sample results with total coliforms agree with previous findings with thermotolerant coliforms and fecal streptococci in the same water system. The remaining results, one-quarter of the results, that contradicted the classification of the water were about equally divided between the samples that were defined as substandard by the current regulations but were found to be good by the current coliform tests and those that complied with the standards but were shown to be substandard with the coliform test.
The sensitivity and specificity of the total coliform, thermotolerant coliform, and fecal streptococcus tests were examined against the regulation reference. The sensitivities of the tests are shown by the proportion of positive tests relative to the total number of water samples rated good, and the specificities of the tests are shown as the proportion of negative tests with respect to the total number of water samples rated substandard. The sensitivity and specificity values are given in (2) . However, the technical maintenance requirements of such systems do not allow their use in small communities. Therefore, Debo and Rogers (11) think other surveillance methods must be developed that will fill the needs of environmental protection agencies and of small and large communities. New surveillance methods are needed because current control of water quality, especially in small communities, is inadequate. In the present survey, 42% of the water samples were substandard. This situation is also found in other parts of France (12) and in other countries, such as the United States (10) .
The volume of water analyzed for microbiological quality has changed over time because of technological advances, as described by Chamberlin et al. (4) . For instance, at the turn of the century, the method consisted of analyzing five tubes of 10 ml each; later on, when the membrane filter technique was developed, the volume filtered was 100 ml. Therefore, there is no reason why the volume of water samples should not be greater than 100 ml, since the principle of using fecal indicator organisms is based on the concept that the risk of exposure to pathogens exists if indicator bacteria are present. The fecal indicator test becomes more sensitive if larger volumes are used, and it was for this reason that 300-mi samples were analyzed. The results show that by analyzing 300-ml samples there was a tendency to get better information about the quality of single potable water samples. However, if multiple samples were analyzed over time from the same community, the value of using a large voltume of water sample was diminished. The results further indicate that a water sample system which frequently meets the standard when 100-ml samples are analyzed rarely becomes substandard, if 300-ml samples are analyzed. Conversely, when frequently substandard water seems occasionally good with 100-ml samples, thermotolerant coliforms or fecal streptococci are found in 300-ml samples in one sample out of two.
Similar results were obtained in a survey conducted in the Moselle Department by Collin et al. (7) .
This observation means that routine analysis using 300-ml samples should be required in communities at a low frequency of samples, perhaps one sample per month. But these results are one part of an epidemiological study and the method cannot define with exactitude the limit. On the other hand, if the frequency of samples is higher, the absence of indicator bacteria in 100-ml samples, from water systems that usually meet the standard, seems sufficient for a routine analysis.
The choice of bacterial indicators is a difficult one because of the great number of bacterial indicators that have been proposed as measures of water quality as mentioned by Pipes (18) .
The comparisons in this study between bacterial indicators showed that the information obtained from the various indicators was very similar, as evidenced by the high correlation coefficient values. Even when considering only the presence or absence of bacterial indicators, which is the criterion that determines the standard, there is very good agreement between the indicators. These results are similar to those published by Hughes et al. (17) , who showed a very good correlation between total and fecal coliforms. Since there was a good correlation between all of the indicators examined, it seems logical to discard some, as proposed by the new French regulations. The U.S. bacteriological analyses of drinking water, which are similar to World Health Organization recommendations, use only one indicator, total coliforms. This practice, however, has been shown to be inadequate for monitoring water by Dutka (15) in 1973.
The results of this study show that fecal streptococci have better predictive values than coliforms with respect to the French standards. Analysis of the health data collected during this study indicates that fecal streptococci are the best predictor of health effects associated with untreated groundwater as published by Zmirou et al. (23) .
Cabelli (3) and Dufour (14) , in studies of marine and fresh recreational waters in the United States, have similarly shown that enterococci were of great value. These results are somewhat different from those of the Moselle study conducted by J. F. Collin (Ph.D. thesis, Pharmacy, Nancy, France, 1986) on drinking water when thermotolerant coliforms were found to be better predictors than fecal strepto-2076 COLLIN ET AL.
on July 9, 2017 by guest http://aem.asm.org/ Downloaded from cocci. Therefore, before making a decision about the use of fecal streptococci over thermotolerant coliforms as an indicator, one should conduct further epidemiological studies in other locations.
